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of	 resident	plant	 species.	Plant	 traits	are	useful	 for	understanding	
how	 resources	 are	 acquired	 by	 plants	 (Reich,	 2014;	Wright	 et	 al.,	
2004)	and	consequently	transferred	to	or	stored	in	various	ecosys-
tem	pools,	 such	as	plant	biomass	or	soil	organic	matter	 (Lavorel	&	







certain	plant	 traits	 indicate	how	species	will	 shift	 in	abundance	 in	
response	 to	 environmental	 change	 (e.g.	 conservative	 leaf	 water	
economic	traits	improve	species	tolerance	to	drought	and	warming;	
Anderegg	 et	 al.,	 2016;	 Soudzilovskaia	 et	 al.,	 2013),	whereas	other	
traits	(or	the	same	traits)	are	linked	to	specific	ecosystem	functions	
(e.g.	 leaf	 nitrogen	 content	 [LNC]	 is	 correlated	 with	 variability	 in	
ANPP;	Garnier	et	al.,	2004;	Reich,	2012).	The	importance	of	climate	
in	 governing	 functional	 composition	 is	well	 supported	by	 commu-
nity	scale	surveys	of	plant	traits	on	broad	spatial	and	temporal	scales	
(Newbold,	 Butchart,	 Şekercioǧlu,	 Purves,	 &	 Scharlemann,	 2012;	
Reich	&	Oleksyn,	2004;	Šímová	et	al.,	2018;	Wieczynski	et	al.,	2019;	
Wright	 et	 al.,	 2005).	 Few	 studies,	 however,	 have	 assessed	 the	 re-
sponse	of	both	functional	diversity	and	CWMs	to	climate	extremes,	
which	 are	 rare	 by	 definition	 (Smith,	 2011),	 and	 the	 corresponding	
effect	on	ecosystem	functioning	across	space	and	time.
Rising	global	temperatures	increase	rates	of	evapotranspiration	




















Increasing	 complexity	 arises,	 however,	when	 functional	 com-
position	itself	is	altered	by	drought.	An	extreme	climate	event	can	
act	 as	 an	 environmental	 filter	 allowing	 only	 certain	 species	 (and	
trait	 values)	 to	 persist,	 potentially	 leading	 to	 trait	 convergence	
and/or	 decreased	 functional	 and	 genetic	 diversity	 (Díaz,	 Cabido,	
Zak,	Martínez	Carretero,	&	Araníbar,	1999;	Grime,	2006;	Whitney	






are	 currently	 unpredictable.	 Indeed,	 the	 impact	 of	 drought,	 and	
aridity	more	broadly,	on	functional	diversity	is	highly	variable	with	





in	which	 aridity	 is	 being	 examined.	 Thus,	 coordinated,	 long‐term	
and	multi‐site	experiments	are	needed	to	assess	the	impact	of	ex-
treme	drought	on	functional	composition	and	ecosystem	function.
The	 ‘Extreme	 Drought	 in	 Grasslands	 Experiment’	 (EDGE)	 was	
established	in	2012	to	assess	the	drought	sensitivity	of	ANPP	in	six	
North	American	 grasslands,	 ranging	 from	desert	 grassland	 to	 tall-
grass	 prairie	 (Figure	 1;	 Table	 1).	 Grasslands	 are	 ideal	 ecosystems	
for	assessing	drought	sensitivity	as	ANPP	in	these	systems	is	highly	
responsive	 to	precipitation	variability	 (Hsu,	Powell,	&	Adler,	2012;	
Knapp	&	 Smith,	 2001)	 and	 their	 short	 stature	 allows	 for	 easy	 in-
stallation	of	 experimental	 drought	 infrastructure	 (Yahdjian	&	Sala,	
2002).	 We	 surveyed	 plant	 traits	 of	 the	 most	 common	 species	 at	
each	EDGE	 site	 (cumulatively	 representing	~90%	plant	 cover)	 and	














dynamics	 (Garnier	 et	 al.,	 2004;	 Reich,	 2012;	 Suding	 et	 al.,	 2008).	
Hydraulic	 traits	 such	 as	 πTLP	 are	 informative	 of	 leaf‐level	 drought	
tolerance	and	are	expected	 to	be	predictive	of	plant	 responses	 to	








means	 in	 response	 to	 drought.	 Here,	we	 test	 the	 hypothesis	 that	
high	functional	diversity	and	a	high	abundance	of	conservative	leaf	
economic	traits	confer	greater	resistance	of	ANPP	to	drought,	and	
ask	 how	 drought	 influences	 functional	 composition	 over	 time.	 A	
strong	role	of	environmental	filtering	should	be	reflected	in	reduced	
functional	 diversity	 and	 altered	 community‐weighted	 trait	 means,	
with	 the	 direction	 of	 the	 mean	 trait	 shift	 dependent	 on	 the	 role	
of	 various	 traits	 in	 shaping	 drought	 resistance	 within	 and	 across	
ecosystems.
2  | MATERIAL S AND METHODS
2.1 | Site descriptions





major	 grassland	 types	 of	 North	 America	 including	 desert	 grass-




to	 this	 study.	 The	 tallgrass	 prairie	 site	 (KNZ)	 is	 burned	 annually	












large	 rainfall	 exclusion	 shelters	 (Figure	1a;	Yahdjian	&	Sala,	2002).	
At	 each	 site,	 twenty	 36‐m2	 plots	were	 established	 across	 a	 topo-
graphically	 uniform	 area	 and	 hydrologically	 isolated	 from	 the	 sur-
















the	natural	 precipitation	pattern	of	 each	 site	 (Knapp	et	 al.,	 2017).	
The	remaining	 ten	plots	per	site	were	 trenched	and	hydrologically	
isolated	yet	received	ambient	rainfall	(i.e.	no	shelters	were	present).	








this	 region	 in	 2012	 (the	 4th	 largest	 drought	 in	 the	 past	 century;	
Knapp	 et	 al.,	 2015).	 However,	 the	 experimental	 drought	 imposed	
here	lasted	4	years	rather	than	one.
2.3 | Species composition
Species	 composition	 was	 assessed	 at	 each	 site	 during	 spring	 and	
fall	 of	 each	 year	 starting	 one	 year	 before	 treatments	 were	 im-
posed.	Absolute	aerial	cover	of	each	species	was	estimated	visually	

















ments	within	 plots.	 Thus,	 all	 traits	were	measured	 under	 ambient	
rainfall	conditions.	Plant	traits	were	measured	at	different	times	of	












Sevilleta	Black	Grama	(SBK) Desert 244 13.4 2.04 10
Sevilleta	Blue	Grama	(SBL) Shortgrass 257 13.4 3.39 12
Shortgrass	Steppe	(SGS) Shortgrass 366 9.5 5.79 17
High	Plains	Grassland	(HPG) Mixed-Grass 415 7.9 8.25 23
Hays	Agricultural	Research	Center	(HYS) Mixed-Grass 581 12.3 7.52 23




































in	 a	 vapour	 pressure	 osmometer	 chamber	within	 30	 s	 of	 freezing	










ture	 species	 that	 increased	 in	 abundance	 in	other	years	or	due	 to	
treatment	effects.	Thus,	we	filled	in	missing	trait	data	using	a	variety	
of	sources	including	published	manuscripts	or	contributed	datasets.	











The	 final	 trait	 dataset	 included	 trait	 values	 for	 species	 cumu-
latively	 representing	 an	 average	 of	 90%	 plant	 cover	 in	 each	 plot.	
Observations	with	less	than	75%	relative	cover	represented	by	trait	
data	were	removed	from	all	analyses	(21	of	600	plot‐year	combina-










nity	 (Mason,	 De	 Bello,	 Mouillot,	 Pavoine,	 &	 Dray,	 2013).	 Given	
uncertainty	 as	 to	which	 index	 is	most	 sensitive	 to	 drought	 and/
or	 informative	of	ecosystem	responses	 to	drought	 (Botta‐Dukát,	
2005;	Carmona,	Bello,	Mason,	&	Lepš,	2016;	Laliberte	&	Legendre,	
2010;	Mason	et	 al.,	 2013;	Mason,	MacGillivray,	 Steel,	&	Wilson,	
2003;	Petchey	&	Gaston,	2002;	Villéger,	Mason,	&	Mouillot,	2008),	
we	calculated	three	separate	indices	of	functional	diversity	using	
the	 dbFD	 function	 in	 the	 ‘FD’	 R‐package	 (Laliberté	 &	 Legendre,	
2010;	Laliberté,	Legendre,	Shipley,	&	Laliberté,	2014).	Using	a	flex-
ible	 distance‐based	 framework	 and	 principle	 components	 analy-
ses,	 the	 dbFD	 function	 estimates	 functional	 richness	 (FRic;	 the	
total	 volume	 of	 x‐dimensional	 functional	 space	 occupied	 by	 the	
community),	 functional	evenness	 (FEve;	the	regularity	of	spacing	
between	 species	 within	 multivariate	 trait	 space)	 and	 functional	
dispersion	 (FDis;	 the	 multivariate	 equivalent	 of	 mean	 absolute	
deviation	 in	 trait	 space)	 (Laliberte	&	 Legendre,	 2010;	Villéger	 et	
al.,	2008).	FDis	describes	the	spread	of	species	within	multivariate	
space	and	is	calculated	as	the	mean‐weighted	distance	of	a	species	
to	 the	 community‐weighted	 centroid	 of	multivariate	 trait	 space.	
To	 control	 for	 any	 bias	 caused	 by	 the	 lack	 of	 πTLP	 data	 for	 two	
sites	(SBK	and	SBL),	we	also	calculated	FRic,	FEve	and	FDis	using	
just	two	traits	(SLA	and	LNC)	across	sites	(i.e.	two‐dimensional	di-
versity).	Multivariate	 functional	 diversity	 indices	 can	 potentially	







2013).	 To	 control	 for	 this	 effect,	we	 compared	 our	 estimates	 of	
FRic	 and	FDis	 to	 those	 estimated	 from	 randomly	 generated	null	
communities	 and	 calculated	 standardized	 effect	 sizes	 (SES)	 for	
each	plot:
where	 the	mean	 and	 standard	 deviation	 of	 expected	 FDis	 (or	 FRic)	







&	Suding,	2012).	Observed	FEve	 is	 independent	of	 species	 richness	
and	thus	was	not	compared	to	null	communities	(Mason	et	al.,	2013).
We	 also	 calculated	 community‐weighted	 means	 (CWMs)	 for	
each	 trait	 (weighted	by	species	 relative	abundance),	which	 further	
characterizes	 the	 functional	 composition	 of	 the	 community.	 Each	
index	 of	 functional	 diversity	 and	 CWMs	 was	 measured	 for	 each	
plot‐year	 combination	 using	 the	 fixed	 trait	 dataset	 (i.e.	 traits	 col-
lected	in	2015/2017	plus	contributed	data)	and	%	cover	data	from	




















We	 tested	 for	 interactive	 effects	 of	 treatment,	 year	 and	 site	 on	
functional/phylogenetic	 composition	 using	 repeated	 measures	
mixed	 effects	models	 (‘lme4’	 package;	Bates,	Mächler,	 Bolker,	&	
Walker,	2014).	Site,	treatment	and	year	were	included	as	fixed	ef-
fects	 and	plot	was	 included	as	 a	 random	effect.	 Trait	 data	were	
log‐transformed	when	necessary	to	meet	assumptions	of	normal-
ity.	 Separate	 models	 were	 run	 for	 multivariate	 and	 single	 trait	
functional	 richness	 and	 dispersion	 (FDisses	 and	 FRicses),	 FEve,	
phylogenetic	diversity	(PDses),	as	well	as	each	CWM	(i.e.	SLA,	LNC	
and πTLP).	Pairwise	comparisons	were	made	between	drought	and	
control	 plots	within	each	year	 and	 for	 each	 site	 (Tukey‐adjusted	
p‐values	 are	 presented).	 With	 the	 exception	 of	 xeric	 sites	 (e.g.	
Sevilleta),	 ambient	 temporal	 changes	 in	 species	 composition	 are	
often	greater	than	treatment	effects	in	global	change	experiments	

















current‐year	 (cy)	 or	 previous‐year	 (py)	 functional/phylogenetic	
composition	 indices	 (e.g.	 PDses,	 CWMs	 for	 each	 trait,	 as	well	 as	
single	trait	and	multivariate	FDisses,	FRicses	and	FEve)	were	inves-
tigated	using	the	cor	 function	 in	base	R,	with	p‐values	compared	
to	a	Benjamin–Hochberg	corrected	significance	level	of	α = .0047 
for	 32	 comparisons.	 Variables	 that	 were	 significantly	 correlated	
with	drought	sensitivity	at	this	level	were	included	as	fixed	effects	
in	separate	general	linear	mixed	effects	models	with	site	included	





the	 ‘piecewiseSEM’	 package	 (Lefcheck,	 2016).	 All	 analyses	were	
run	using	R	version	3.5.2.
3  | RESULTS
The	 experimental	 drought	 treatments	 significantly	 altered	 com-
munity	 functional	 and	 phylogenetic	 composition	 with	 significant	
three‐way	 interactions	 in	mixed	 effects	models	 for	 each	 diversity	
index,	 except	 FRicses,	 and	 each	 abundance‐weighted	 trait	 (treat-
ment	×	site	×	year;	Table	2).	The	six	grassland	sites	varied	extensively	
in	 the	magnitude	 and	 directionality	 of	 their	 response	 to	 drought,	
variation	that	was	associated	with	diversity	index,	trait	identity	and	
SES=
observed FDis−mean of expected FDis







drought	 duration.	 The	 most	 responsive	 functional	 diversity	 index	
across	 sites	 was	 functional	 dispersion	 (FDisses),	 with	 significant	
drought	responses	observed	in	all	but	two	sites.




at	 the	wettest	 site	 (KNZ)	 or	 at	 the	 coolest	 site	 (HPG).	 Single	 trait	
FDisses	 did	 not	 consistently	 mirror	 multivariate	 FDisses,	 especially	
at	the	three	driest	sites	 (Figure	2b–d).	For	 instance	the	 increase	in	
FDisses	 at	 SBK	 was	 largely	 driven	 by	 increased	 functional	 disper-
sion	of	LNC	(Figure	2c),	as	FDisses	of	SLA	did	not	differ	significantly	
between	 drought	 and	 control	 plots.	 For	 SBL,	 multivariate	 FDisses 





FDisses	 of	 SLA	 increased	 in	 drought	 plots	 relative	 to	 control	 plots	
and	 remained	 significantly	 higher	 for	 the	 remainder	 of	 the	 exper-
iment	 (Figure	2b);	however,	 this	 relative	 increase	 in	FDisses	of	SLA	
was	not	captured	in	multivariate	measures	of	FDisses	due	to	a	lack	of	
response	of	FDisses	of	LNC	and	πTLP	until	the	final	years	of	drought	
(Figure	2c,d).	On	 the	 contrary,	 single	 trait	 FDisses	 largely	mirrored	
multivariate	 FDisses	 for	 the	 three	 wettest	 sites,	 with	 positive	 re-
sponses	of	FDisses	for	each	trait	at	HYS	and	no	significant	responses	
observed	 at	HPG	 and	KNZ	 (Figure	 2).	Other	 indices	 of	 functional	
diversity	(i.e.	FRicses	and	FEve)	were	moderately	affected	by	drought	








resource‐use	 strategies	 (Figure	3).	Community‐weighted	 specific	
leaf	area	(SLAcw)	initially	decreased	in	response	to	drought	for	two	
sites	 (SBK	 and	 SBL);	 however,	 long‐term	 drought	 eventually	 led	
to	 significant	 increases	 in	 SLAcw	 at	 all	 six	 sites	 relative	 to	 ambi-
ent	plots	(Figure	3a).	The	positive	effect	of	drought	on	SLAcw was 
not	persistent	in	its	significance	or	magnitude	through	the	fourth	
year	 of	 the	 experiment	 for	 all	 the	 sites.	 Community‐weighted	
LNC	 (LNCcw)	 was	 unchanged	 until	 the	 final	 years	 of	 drought,	 at	
which	 point	 elevated	 LNCcw	was	 observed	 for	 all	 sites	 but	 KNZ	
(Figure	 3b).	 Lastly,	 drought	 effects	 on	 community‐weighted	 leaf	
turgor	loss	point	(πTLP‐cw)	were	variable	among	sites	with	a	signif-




the	 two	driest	 sites,	 SBK	and	SBL,	with	 variable	effects	observed	
at	the	wettest	site,	KNZ	(Figure	4).	Drought	led	to	increased	PDses 
at	SBK	in	year	3	and	decreased	PDses	at	SBL	in	year	4	(Figure	4).	At	
KNZ,	 PDses	 alternated	 between	 drought‐induced	 declines	 in	 PDses 





of	 ANPP	 sensitivity	 (following	 a	 Benjamin–Hochberg	 correction	
for	multiple	comparisons)	were	(a)	SLAcw	of	the	previous	year,	(b)	
FEve	of	SLA	of	 the	current	year	and	 (c)	multivariate	FEve	of	 the	
current	 year	 (Table	S2).	These	predictors	were	 included	as	 fixed	
effects	in	separate	mixed	effects	models	each	with	site	as	a	ran-
dom	effect.	 Following	null	model	 comparison	 (see	methods),	we	
observed	 a	 statistically	 significant	 positive	 relationship	between	
drought	sensitivity	and	previous	year	SLAcw	 (Figure	5a).	 In	other	
words,	grassland	communities	with	low	SLAcw	 in	a	given	year	ex-
perienced	 less	 drought‐induced	 declines	 in	 ANPP	 the	 following	
year.	 Significant	 negative	 correlations	 were	 observed	 between	
current	year	FEve	(both	multivariate	and	FEve	of	SLA)	and	drought	
TA B L E  2  ANOVA	table	for	mixed	effects	models	for	the	standardized	effect	size	(SES)	of	multivariate	functional	diversity,	community‐
weighted	trait	means	and	SES	of	phylogenetic	diversity
Effect
SES of functional and phylogenetic diversity Community‐weighted trait means
FDis FRic FEve PD SLA LNC πTLP
Trt 3.68 0.0001 3.64 0.075 27.32*** 6.99** 0.002
Site 15.31*** 0.19 12.91*** 51.22*** 339.74*** 615.62*** 286.13***
Year 11.02*** 3.26* 1.44 11.18*** 33.44*** 58.06*** 122.19***
Trt	×	Site 2.43* 2.11 0.51 1.72 3.48** 0.26 6.30***
Trt	×	Year 11.98*** 0.47 1.52 3.51** 15.02*** 28.29*** 2.34
Site	×	Year 30.34*** 2.53*** 3.07*** 8.66*** 26.72*** 32.70*** 62.54***











of	 ~40%	of	 annual	 rainfall	 for	 4	 years	 negatively	 impacted	ANPP	
(Figures	1	and	5).	In	contrast,	we	observed	positive	effects	of	drought	
on	functional	dispersion	(as	compared	to	null	communities;	FDisses)	









functional	 diversity	 respond	 strongly	 to	 interannual	 variability	 in	








deeper	soil	profiles	 (Gherardi	&	Sala,	2015).	While	 traits	 linked	to	
drought	 tolerance	may	 allow	 a	 species	 to	 persist	 during	 transient	
dry	 periods,	 long‐term	 intense	 droughts	 can	 lead	 to	 mortality	 of	






































desert	 grassland	 site	 (SBK)	 corresponded	 with	 >95%	 mortality	
of	 the	 dominant	 grass	 species,	 Bouteloua eriopoda.	 This	 species	
generally	contributes	~80%	of	total	plant	cover	in	ambient	plots.	
The	 removal	 of	 the	 competitive	 influence	 of	 this	 dominant	 spe-
cies	allowed	a	suite	of	species	characterized	by	a	wider	range	of	
trait	 values	 to	 colonize	 this	 desert	 community.	 Indeed,	 overall	
trait	 space	 occupied	 by	 the	 community	 (i.e.	 FRicses)	 significantly	
increased	 in	 the	 final	 year	 of	 drought	 (Figure	 S1).	 Mortality	 of	
B. eriopoda	 led	 to	 a	 community	 composed	entirely	of	 ephemeral
species,	deep‐rooted	 shrubs	and	 fast‐growing	 forbs	 (i.e.	drought
avoiders/escapers).	 It	 is	worth	noting	that	phylogenetic	diversity
(PDses)	increased	in	the	year	prior	to	increased	FDisses	and	FRicses 
(Figure	 4),	which	 suggests	 phylogenetic	 and	 functional	 diversity	
are	coupled	at	this	site.

































The	 southern	 shortgrass	 prairie	 site	 in	New	Mexico	 (SBL)	was	
the	only	site	to	experience	decreased	FDisses	in	response	to	drought	
(Figure	2).	This	is	surprising	considering	SBK	and	SBL	are	within	sev-




by B. eriopoda and Bouteloua gracilis,	 a	 closely	 related	C4	 grass.	B. 
gracilis	is	characterized	by	greater	leaf‐level	drought	tolerance	than	
B. eriopoda	(πTLP	=	−1.59	and	−1.86	MPa	for	B. eriopoda and B. grac‐
ilis	respectively)	which	allows	it	to	persist	during	drought.	While	B. 
eriopoda and B. gracilis	both	experienced	drought‐induced	mortality
(Baur	et	al.	in	prep),	the	greater	persistence	of	B. gracilis	led	to	sta-
bility	in	community	structure	with	only	moderate	declines	in	FDisses 
















resent	 environmental	 filtering	 acting	 on	 subordinate	 species	 with	














et	al.	in	prep).	The	initial	co‐dominance	of	B. gracilis and V. octoflora 
increased	FDisses	of	SLA	(Figure	2b)	as	these	two	dominant	species	
exhibit	divergent	 leaf	carbon	allocation	strategies	 (SLA	=	12.5	and	
19.2	kg/m2	for	B. gracilis and V. octoflora	respectively).	This	empha-
sizes	 the	 importance	 of	 investigating	 single	 trait	 diversity	 indices	
(Spasojevic	 &	 Suding,	 2012)	 as	 this	 community	 functional	 change	






Functional	 diversity	 of	 the	 northern	mixed	 grass	 prairie	 (HPG)	











by	 single	 trait	 FDisses	 (Figure	 2b–d).	 The	 three	 co‐dominant	 grass	




trait	 centroid	 is	 minimized	 (see	 calculation	 of	 FDis	 in	 Laliberte	 &	
Legendre,	2010).	 Indeed,	HYS	has	 the	 lowest	FDis	of	πTLP	 relative	







munity‐weighted	 trait	 centroid	near	 the	original	mean	 (−2.3	MPa),	
whereas	the	invasion	of	subordinate	C3	species	led	to	increased	dis-
similarity	in	πTLP	(Laliberte	&	Legendre,	2010).	Additionally,	P. smithii 






grass	prairie	 site	 (KNZ)	 and	consequently	we	observed	no	change	










the	 diversity	 of	 traits	 as	well	 as	 community‐weighted	 trait	means	
(CWMs),	 with	 the	 latter	 also	 having	 important	 consequences	 for	
ecosystem	 function	 (Garnier	 et	 al.,	 2004;	Vile,	 Shipley,	&	Garnier,	
2006).	We	therefore	assessed	the	 impact	of	experimental	drought	






limitation,	 such	 as	 drought	 (Ackerly,	 2004;	 Reich,	 2014;	 Wright,	







tolerance)	 and	 towards	 a	 community	 with	 greater	 prevalence	 of	















and	 emphasizes	 the	 importance	 of	 measuring	 rooting	 depth,	 and	
root	traits	more	broadly,	which	are	infrequently	measured	in	com-
munity‐scale	 surveys	 of	 plant	 traits	 (Bardgett,	 Mommer,	 &	 Vries,	
2014;	Griffin‐Nolan,	Bushey,	et	al.,	2018).
While	 leaf	 economic	 traits,	 such	 as	 SLA	 and	 LNC,	 are	 useful	
for	 defining	 syndromes	 of	 plant	 form	 and	 function	 at	 both	 the	
individual	 (Díaz	 et	 al.,	 2016)	 and	 community‐scale	 (Bruelheide	
et	 al.,	 2018),	 they	 are	 often	 unreliable	 indices	 of	 plant	 drought	
tolerance	 (e.g.	 leaf	economic	 traits	might	not	be	correlated	with	
drought	tolerance	within	some	communities,	even	 if	correlations	





evidence	suggests	 that	dry	conditions	 favour	species	with	 lower	
πTLP	 (Bartlett, 	 Scoffoni, 	 & 	 Sack, 	 2012; 	 Zhu 	 et 	 al., 	 2018). 	 While 	
this	may	be	 true	of	 individual	 species	distributions	 ranging	 from	










munity‐scale,	 leaf‐level	 drought	 tolerance	 decreased	 (i.e.	 higher	
πTLP)	 in	response	to	drought	in	half	of	the	sites	in	which	πTLP was 
measured.	 The	 opposing	 effects	 of	 drought	 on	 community	 πTLP 
for	 SGS	 and	 HPG	 is	 striking	 (Figure	 3c),	 especially	 considering	
these	sites	are	~50	km	apart	and	have	similar	species	composition.	
Increased	 grass	 dominance	 at	 HPG	 (Berger–Parker	 dominance	
index;	Baur	et	al.	 in	prep)	 resulted	 in	decreased	πTLP	 (i.e.	greater	
drought	 tolerance),	 whereas	 at	 SGS,	 the	 community	 shifted	 to-




the	 plant	 community	 at	 HPG	 is	 devoid	 of	 a	 true	 shrub	 species,	
which	could	further	explain	the	unique	effects	of	drought	on	the	
abundance‐weighted	πTLP	of	this	grassland.
4.3 | Drought sensitivity of ANPP
Biodiversity,	 and	 functional	 diversity	 more	 specifically,	 is	 well	
recognized	 as	 an	 important	 driver	 of	 ecosystem	 resistance	 to	
extreme	 climate	 events	 (Anderegg	 et	 al.,	 2018;	 De	 La	 Riva	 et	
al.,	 2017;	 Pérez‐Ramos	 et	 al.,	 2017).	We	 tested	 this	 hypothesis	
across	six	grasslands	by	investigating	relationships	between	sev-




















drought	across	sites	 (Figure	3),	which	may	 result	 in	greater	sensi-
tivity	 of	 these	 communities	 to	 future	 drought,	 depending	 on	 the	
timing	and	nature	of	drought.	The	 lack	of	 a	 relationship	between	
πTLP	and	drought	sensitivity	was	surprising	given	that	πTLP is widely 















sequences	 for	 ecosystem	 drought	 sensitivity.	 Nonetheless,	 these	
alterations	to	functional	composition	will	likely	impact	drought	leg-
















altered	 community	 functional	 composition	 of	 six	 North	 American	
grasslands,	 with	 potential	 consequences	 for	 ecosystem	 function.	
Long‐term	 drought	 led	 to	 increased	 community	 functional	 disper-
sion	in	three	sites	and	a	shift	in	community‐level	drought	strategies	
(assessed	as	abundance‐weighted	traits)	from	drought	tolerance	to	
drought	 avoidance	 and	 escape	 strategies.	 Species	 re‐ordering	 fol-
lowing	dominant	species	mortality/senescence	was	the	main	driver	
of	 these	 shifts	 in	 functional	 composition.	 Drought	 sensitivity	 of	
ANPP	(i.e.	relative	reduction	in	ANPP)	was	linked	to	both	functional	
diversity	and	community‐weighted	trait	means.	Specifically,	drought	
sensitivity	was	negatively	 correlated	with	 community	 evenness	of	
SLA	and	positively	correlated	with	community‐weighted	SLA	of	the	
previous	year.
These	 findings	highlight	 the	value	of	 long‐term	climate	change	
experiments	as	many	of	the	changes	in	functional	composition	were	
not	observed	until	the	final	years	of	drought.	Additionally,	our	results	
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